A review of recent literature focuses on the fouling phenomena in membrane systems for desalination, quantification and qualification of parameters related to biological fouling (biofouling), and emerging areas for prevention. In particular, biofouling of seawater reverse osmosis (SWRO) is widely regarded as the most important area for future research on this topic. Reducing membrane fouling is fundamental to seawater treatment but is not well managed. The current state of industry knowledge is evaluated with particular focus on SWRO membrane biofouling, as well as its measurement and mitigation. Specific shortcomings and possible solutions are reviewed regarding the role of assimilable organic carbon, chemical treatment and other components in understanding the fouling process, impacts from pretreatment, level of assimilable nutrients, modeling applications, and real time monitoring. A critical review of recent advances in understanding organic and biological fouling is presented because these are the most difficult to control and least understood. 
ABBREVIATIONS
In the USA, two-thirds of the desalination capacity is used for municipal water supply (Carter ) . Desalination is on the rise and the USA is currently leading in the number of desalination projects that are planned or in construction, Opportunities exist for either breaking NOM down into smaller fractions that can be removed by biological pretreatment, or some other combination of organic absorption and removal. These approaches will be discussed in more detail in the following sections.
Biological fouling
Biofouling is by far the least understood and most proble- 
QUALITATIVE UNDERSTANDING
Biofouling in SWRO membranes is not well understood and recent advancements have focused on determining which bacteria cause SWRO biofouling (Zhang et al. ) . Bacterial isolates from a biologically fouled SWRO membrane at a full-scale facility in Carlsbad, California were determined by 16S rRNA to be well-known biofilm-forming bacteria. Isolates matched the genera Shewanella, Alteromonas, Vibrio, and Cellulophaga. 16s rRNA terminal restriction fragment length polymorphism (T-RFLP) was used to determine that the bacteria responsible for biofouling in the SWRO were found in the seawater intake.
Samples were analyzed at four points during treatment including the intake, phytoplankton epibionts, cartridge filter, and SWRO membrane. However, a comparison between these locations indicated that microbiology of the cartridge filter was not the same as that of the SWRO which was biofouled. T-RFLP analysis was also conducted on bacterial communities from five separate international SWRO membranes that experienced biofouling. Those results indicated that, while overall profiles were not identical, there was consistent occurrence of dominant bacteria. Other quantitative and qualitative techniques for monitoring water quality and microbiology of seawater intakes and during pretreatment will aid current and future SWRO applications. Additional SWRO research and development is crucial for the efficiency of this growing industry.
